Abstract Mycetomas are the subcutaneous and relatively rare chronic pustular infections. The etiologic agents of mycetomas are a group of saprophytic fungi and actinomycetes living in soil. We retrospectively discussed the overall prevalence of mycetomas and the prevalence of infective agents in Iran between 1972 and 2005. Seventy-six cases of mycetomas have been reported from various geographical locations in Iran during 33 years. Analysis of the records revealed that 84.5% were actinomycetoma and only 15.5% were eumycetoma. Disease mainly has been seen in foot, and the male to female ratio was 2:1. Mycetomas were abundant among farmers in rural areas of Iran. The commonest agents of mycetomas were Nocardia asteroids, Actinomadura madura (actinomycetoma) and Allesheria boydii (eumycetoma). The peak age of onset was between 31 and 51 years.
Introduction
Mycetomas (Madura foot) are a painless chronic infection of the cutaneous and subcutaneous tissues. Mycetomas are characterized by progressive granulomatous lesions, sinus tract formation with discharge of grains, tumefaction and spreading into adjacent tissue, bone, fascia and ligaments [1] [2] [3] . Grains (granules) may be white, yellow, brown, red or black depending on the causative agents. Mycetomas usually affecting the lower extremities especially foot. Others sites are hand, knee, arm, leg, head and neck, thigh and the perineum. Mycetomas may be classified into eumycetoma and actinomycetoma based on causative agents. Around 40-50% of mycetomas cases are due to actinomyces (actinomycetoma) in the World [1, 4, 5] . Although several cases of mycetomas have been reported from Iran, the extent of disease has not been well documented.
Clinical features
Mycetomas generally affect parts of the body that come in contact with soil and plant materials. Mycetomas develop following a traumatic injury of inoculation of organisms into subcutaneous tissues. The causal organisms are introduced by trauma by thorn and nails [1, 6, 7] . Inoculation can occur months or even years prior to clinical presentation. The incubation period in mycetomas is unknown. In a review of mycetomas, the variation of the duration of disease before confirmation of the disease was 3 months to 20 years, although most cases were detected within 2-3 years [2] . In our review, the longest duration of disease was 30 years [8] . In a retrospective study of 41 cases of mycetomas in Brazil, the mean duration of actinomycetoma and eumycetoma were 6.8 and 9.8 years respectively [9] . Mycetomas start as a small firm, painless subcutaneous tumour. Disease spreads by direct spread to subcutaneous fats, followed by muscles and bones. There is progressive swelling, deformity and destruction in any part of the body of man. This swelling increased gradually in duration of disease. Thus old mycetomas are characterized by healed scars in addition to sinuses (Fig. 1) . Lesions in actinomycetoma are more inflammatory and destructive than eumycetoma and invade the bone at an earlier period [1] . Tendons and nerves are rarely invaded by causative agents, as a result, neurological symptoms are absent. The grains vary in size, colour and hardness depending on the etiologic agents. They are present in pus and tissue around the sinus tracts. In general, eumycetoma is more circumscribed and progress slower than actinomycetoma. Overall 40-50% of mycetoma cases are actinomycetoma in the World. Actinomycetoma is more prevalent in Iran (84.5%) followed by eumycetoma (15.5%) [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Some authors [27] [28] [29] have observed a similar ratio, but others [5, 30, 31] have recorded a lower ratio. The highest rate of eumycetoma (73%) was reported by Khatri in Yemen [32] .
Sex, age and occupation
Mycetomas are more frequent in males and affect the age group between the second and fourth decades [32, 33] . In endemic regions, children and elderly people may also be affected. In a review of 130 cases of mycetoma in Dakar (1983 Dakar ( -2000 , disease occurred in 14-75 year-old patients [34] . Lopez Martinez et al. [27] collected a total of 2,105 cases of mycetoma throughout 30 years (1956-1985) in Mexico. Age distribution indicated 35% between 16 and 30 and 23% between 31 year and 40-year-old populations [27] . The highest frequency of mycetomas in Maiti et al. [28] report was in the ages 16-30 years (53.4%) followed by 31-40 (17.8%), [40 (16.3% ) and \16 (12.5%). The highest frequency of mycetomas in our study was in the ages 31-50 years (61%) followed by [50 (22%), 21-30 (13.6%) and \20 (3.4%) [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . There is some difference between sex ratio in different countries. Dieng et al. [35] reported 90 cases of actinomycetoma in male adult patients in Senegal. In another study in Senegal, conducted by Dieng et al. [34] , sex distribution was 113 men and 17 women (M/F: 6.6). Whereas Lopez Martinez et al. [27] reported a sex distribution of 76.1% male and 23.9% female. The male to female ratio was respectively reported 183:81 and 53:17 from different regions in West Bengal and Yemen [28] [29] [30] [31] [32] . Negroni et al. [30] reported 76 cases of mycetomas from Argentina, 49 patients were male and 27 female. The male to female ratio in our study was 2:1. The higher incidence in males is probably because of their greater outdoor activities. When women were affected, they were usually field worker. Several reports have shown that the incidence of mycetoma is highest in rural area [9, 27, 36] . Mycetomas usually affected people whose occupation brings them in contact with contaminated soil, such as field labourers and cultivator [27, 28, 32] . In our study, the majority of the patients were farmers by profession (50.8%), followed by housewives (24.6%), workers (8.2%), unemployment (4.9%), drivers (3.3%), armies (3.3%) and others (4.9%) [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Site of mycetomas
Mycetomas usually occur on foot followed by hand, knee, arm, leg, head and neck, thigh and the Approximately 70% of mycetoma cases involve the foot and less than in other sites [1, 29] . Kamalam and Thambiah report shows that left foot in Actinomadura madura and right foot in Actinomadura pelletierri infections were involved more commonly in adults [37] . The foot was the most common site of involvement (66.7%) in the present review, followed by leg (11.7%), arm (8.3%), hand (5%), thigh (3.3%), buttocks (3.3%) and head (1.7%) [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . The infections of legs, thighs, and forearms are less deep, whereas the infection of hand progresses often rapidly to the bones. When the knees, elbows and buttock are affected, cysts may develop, however, multiple sites of infection are exceptional, and are rather because of a lymphatic dissemination from the initial site [34] .
Etiologic agents
Wide varieties of fungi and actinomycetes are involved in the mycetomas. All agents of mycetomas are aerobic microorganisms (with exception of Actinomyces israeli) living in soil, debris and plant materials. Actinomyces israeli is an anaerobic microorganism that is found as normal flora of mucus membrane. Eumycetoma caused by wide varieties of fungi such as, Allesheria boydii, Madurella mycetomi, Madurella grisea, Aspergillus, Fusarium, Curvularia, Acremonium and Paecilomyces. Allesheria boydii is a soil inhabiting fungus that can cause eumycetoma. This organism is the most frequent case of eumycetoma in temperate region [24] . Although various fungi were reported as causative agents of eumycetoma in Iran, Allesheria boydii has been reported as frequent causative agent of eumycetoma [6, 15, 16, 19, 21, 22, 24] . Others agents are follows; Madurella mycetomi (2 cases), Aspergillus fumigatous (1 case), Aspergillus flavus (1 case) and Paecilomyces (1 case) [6, 19, 21, 23] . At least 10 different species of actinomycetes have been identified as the etiologic agents of actinomycetoma in the World. Some species are Nocardia asteroids, Nocardia brasiliensis, Nocardia caviae, Actinomadura madura, Actinomadura pelletierri and Streptomyces somaliensis. Actinomadura pelletieri is common only in Africa [31, 32, 34, 38] , whereas this agent was not reported in Iran. Rainfall influences the distribution of Actinomadura pelletieri. The predominant etiologic agents of mycetomas in Mexico found 97.8% corresponded to actinomycetes, from which Nocardia brasiliensis (86.6%) and Actinomadura madurae (10.2%) showed the higher frequency [27] . In Iran, the actinomycotic agents seem to be predominant and in particular Nocardia asteroids (25%) and Actinomadura madura (25%), which is also detected in West Bengal. Other causative agents in Iran were Nocardia caviae (16.1%), Actinomyces israeli (8.9%), Nocardia brasiliensis (3.6%), Nocardioa (1.8%) and Streptomyces somaliensis (1.8%) [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . Bendl et al. [33] reported 18 cases (58.1%) of mycetomas due to Streptomyces somaliensis in Saudi Arabia. Streptomyces somaliensis and Actinomadura pelletieri were reported as commonest agents of actinomycetoma in Niger Republic [29] . The causative agents of mycetomas frequently fail to growth culture as a result; laboratory identification of infection is often difficult. In the present study, 13 out of 76 cases of mycetoma was failed to grow and only identified by direct examination.
Geographical distribution
Mycetomas have a worldwide distribution, however they principally occur in the tropical and subtropical regions in the area between the latitudes of 15S and 30N [2] . Disease was reported in India in 1812 for the first time [1] . The mycetomas belt include South America, Sudan, Somalia, Senegal and South of India [1] . Mycetomas have been extensively reported from Africa, Sudan, Senegal, Mauritania, Niger, Ethiopia, Chad, Cameron and Somalia [2, 32, 34] . Sudan appears to have the highest number of mycetomas in the World and Mexico is the second area of high endemicity with an average incidence of 70 cases per year [1, 27] . Both countries have rainy season from June to October, a dry, cool season from October to March and hot and dry weather without rainfall from March to June. In addition, mycetomas have been reported from India [28, 39] , Pakistan [5] , Saudi Arabia [40, 41] , Brazil [9] , Venezuela [42] , Argentina [30] and Turkey [43] . Mycetomas usually are found in relatively arid zones areas with a short rainy season with a relative humidity. There are no more details about the true incidence and geographical distribution of mycetomas and most of the data are hospital based description of advanced disease Fig. 2 .
Diagnosis
Exudates, pus, or biopsy from the patient can be examined for the existence of granules and the gauze bandage over the lesion. Fine needle technique is a new method for the collocation of grains from patients [44] . Characterization of grains with colour, shape and with the size of the filaments composing them on direct microscopic examination of potassium hydroxide preparations can aid in differentiating between actinomycetoma and eumycetoma. Actinomycetes granules vary in size from 0.5 mm to 2 mm diameter, whereas eumycetoma granules show 2-5 lm in size. Actinomycetoma granules usually [35] 90/0 *** *** Foot *** 90/0 Actinomadura pelletieri, Actinomadura madura Senegal [34] 113/17 14-75 34.7 Foot Leg 76/54 Actinomadura pelletieri, Actinomadura madura Senegal [38] *** *** *** Foot *** 27/0 Actinomadura pelletieri, Actinomadura madura Somalia [31] *** *** *** *** *** 60/34 Madurella mycetomatis, Streptomyces somaliensis Niger [29] *** *** *** *** ** are white to yellow in colour (with exception of Actinomadura pelletieri that is Gamet red), whereas eumycetoma granules are white (hyaline hyphomycetes) or black (Dematiaceous) in colour [4] . Condensation of brown pigment producing by Madurella mycetomi to form cement in black grains is feature of pathogenic stages of fungus [45, 46] . Lobolated actinomycetoma granules with thickened wall usually are seen in pathologic sections (Fig. 3) . For preparation of stained smear, the granule should be crushed. In the modified acid-fast stains of materials, thin, branched and semi acid-fast filaments are seen. Nocardia asteroids, Nocardia brasiliensis and Nocardia caviae are generally acid-fast; other species of the genus are not. However, culture of the organism and histopathologic examination are suggested for definitive diagnosis of mycetoma. A variety of culture media can be used, although most organisms grow on Sabouraud's dextrose agar (SDA). The grains are cleaned several times in sterile saline, crushed with sterile glass rod, and plated on appropriate media. Actinomycetes are cultured on brain-heart infusion (BHI) agar or blood agar. Several plates should be streaked and incubated in 37°C both anaerobically (for Actinomyces israeli) and aerobically. The Actinomycetales species will grow well on SDA without antibiotics. Samples containing eumycetes can be cleaned in antibiotic-containing saline and plated on SDA. Plates should be incubated at room temperature. Eumycetoma agents usually grow very slow, and plates must incubate for 6-8 weeks. Recognition depends on colony morphology, conidia types, and assimilation pattern. A total 76 mycetomas were clinically and microbiologically confirmed in different laboratories in Iran from 1972 to 2005 [6] [7] [8] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . The reports included general information such as date of diagnosis, age, sex, occupation, residence, initial site of lesion and duration of the disease. The diagnosis of all cases was established by microscopic demonstration of granule morphology and identification of isolates from expressed discharge collected by opening the impending sinuses. The clinical material was processed in appropriate agar medium with or without antibiotics and incubated at room temperature and at 37°C for 1-6 weeks. Where grains were detected by direct microscopic examination of a KOH smear, but some cultures showed no growth. In some cases, grains were found by histopathological rather than direct microscopic examination [8, 17] . In cases of supposed bone involvement, the prognosis is serious, an X-ray examination is necessary, and ultimately, also a CT scan and MRI. The risk of bone involvement increases with duration of the disease. Also ultrasonographic technique appears to be very useful for diagnosis of mycetomas in medical centres where no mycological tests can be done [47] . 
Treatment
The treatment is specific antimicrobials for actinomycetoma and antifungals for eumycetoma. Recurrence is common, rates ranging from 20% to 90% [2] . Ketoconazole or itraconazole in combination with surgery is recommended for eumycetoma patients [30, 33] . Presently ketoconazole, 200-400 mg daily for several months, seems to be less effective. Treatment with dapson-streptomycin, cotrimoxazole-streptomycin or cotrimoxazole only seems to yield good results. A combined treatment with trimetoprime and sulphametoxazole as well as tetracyclins or rifampicine is also mentioned in the literature [4, 9] . About 83% of the patients were cured after one-year treatment of sulphametoxazole administered orally [34] . In all, medical supervision is required for several years.
Conclusion
Present study revealed that mycetomas are rare in Iran, with a higher incidence of actinomycetoma and a maximum number of cases from North and South region. Actinomycetoma is more common, with a maximum number of cases due to Nocardia asteroids and Actinomadura madura, whereas eumycetoma is less common with a maximum number of cases due to Allesheria boydii. Mycetomas mainly were seen in foot, and the male to female ratio was 2:1. Diseases were abundant among farmers in rural areas of Iran, northern and southern provinces.
